Buildings consume one-third of final energy consumption in the world and are graded as the largest sources of carbon dioxide (CO2) emissions. Buildings energy consumption is driven by numerous factors that have direct or indirect effects on it. Identification of such factors could help building designers and architectures in introducing energy efficient designs of various types of buildings. Such studies are indispensable for countries such as Pakistan where a very limited research has been published in this area. This study attempts to fill this knowledge gap by investigating the effect of numerous factors on the residential electricity consumption and further, aims to establish an electricity usage intensity (EUI) value for the residential sector of Pakistan. Data were collected from 523 dwellings through site surveys and interviews with residents. Effect of 48 different variables, (five socioeconomic variables, 14 dwelling variables, 22 variables from electric appliances details, five demographic variables and two variables from renewable energy sources) was investigated on the residential buildings annual electricity consumption using SPSS software. It was found that 17 out of 48 variables have significant linear relationship with annual electricity consumption. Further, through a multivariate analysis, it was found that annual electricity usage intensity (EUI) for Pakistan's residential buildings is 24kWh/m 2 . Finally, this EUI value is compared with the same of two major South Asian countries. It is observed that mean EUI of Pakistan is almost similar to that of India, i.e. 24kWh/m 2 whereas Bangladesh has a higher value of mean EUI, i.e. 32kWh/m 2 .
Introduction
Electricity is a major energy source for every nation and plays a vital role towards the economic development (Amber, Aslam & Hussain, 2015) . In the era of globalization, rapidly expanding reliance of nations on energy show that it will be one of the most concerning issues of mankind in the following century (Stern, 1993) . Buildings consume one-third of final energy consumption of the world and are graded as the largest sources of carbon dioxide (CO2) emissions. Building sector is one of the major energy consuming sector having a share of 40% worldwide (Domínguez, Alonso, Morán, Prada, & Fuertes, 2015) . Building sector of the United Kingdom, Europe and USA consumes about 43, 40, 40%, respectively (United Nations, 2013; Ghedamsi, Settou, Gouareh, Khamouli, Saifi, & Recioui, 2015) . Building sector can be further be categorized as, residential and non-residential buildings. The residential sector is a major user of energy. Energy consumption trend in the residential sector of the World and of Asia is shown in Figure 1 for the period 1990-2016.
It is apparent from Figure 1 that residential sector electricity consumption has increased linearly (4%/year) over the period of 1990 -2016 (Enerdata, 2018 . Energy usage in residential sector increases with an increase in population, improvement in standard of living, urbanization and migration to large cities (Ghedamsi, Settou, Gouareh, Khamouli, Saifi, Recioui, & Dokkar, 2016) . Figure 1 also demonstrates that residential energy consumption in the Asian region of the world is following the trend of world's total energy consumption. This linear increase in the residential energy consumption shows that the Asian countries would require sufficient energy resources to meet their future energy demands. Buildings sector of Pakistan consumes nearly 55% of country's total electricity annual basis (HDIP, 2015) . Sector wise electricity consumption of Pakistan (Nasir, Tariq & Arif, 2008 ) is presented in Figure 2 . It is apparent that the building sector is the highest electricity consuming sector in Pakistan whereas the industrial sector is the second highest electricity consuming sector with an annual electricity consumption share of 28.4%. Pakistan's per capita electricity consumption is 438.26 kWh which is 3.4, 7, 17 and 87% of USA, Europe, China and India's per capita electricity consumption, respectively (Nation Master, 2018). The trend of electricity consumption in residential sector of Pakistan from year 2009-10 to year 2014-15 is shown in Figure 3 . It is apparent that the electricity usage in residential sector of Pakistan remained fairly constant from 2009-10 to 2012-13. After 2012-13, the electricity consumption has started increasing (Government of Pakistan, Ministry of Finance, 2006) . Punjab province has the highest share with Sindh, KPK and Baluchistan provinces at the 2 nd , 3 rd and 4 th place. From the current trend it is expected that the electricity consumption will be increased 39% by 2025 compared to 2015.
Literature review
Different countries have different cultures and climate and therefore, it is very important to individually investigate the effect of different types of factors on buildings energy consumption. Table 1 explains the work of the researchers and their use of different statistical techniques to determine the variables having significant impact on the energy consumption in buildings sector. On the basis of above literature review the variables effecting the electricity consumption can be divided into four major categories, i.e. dwelling variables, socio-economic variables, electric appliances variables and demographic variables. The variables having significant impact on the annual residential electricity consumption are categorized below.
Dwelling variables
It is observed that the use of double pan window and south facing orientation can reduce the electricity consumption (Kavousian, Rajagopal, & Fischer, 2013) . The size of home (Baker & Rylatt, 2008; William & Gomez, 2016; Huebner, Shipworth, Hamilton, Chalabi & Oreszczyn, 2016) , number of bedrooms (Baker & Rylatt, 2008; Jones, Fuertes, & Lomas, 2015) , building orientation (Abanda & Bayers, 2016) , age of building (Jones, Fuertes, & Lomas, 2015) and type of home (Durkman & Jackson, 2008) have also significant positive impact on the annual electricity consumption of the home. Also the single family detached homes consume more than 75% of the residential electricity. 
Socio-Economic Variables
The resident's income have a significant impact on the electricity consumption (Amber, Aslam & Hussain, 2015; Tso & Yao, 2003; Durkman & Jackson, 2008) . For an annual increase of US $27000 in the income of the resident, the 350kWh increase in the electricity consumption is seen in Japan (Genjo, Tanabe, Matsumoto, Hasegawa, & Yoshino, 2005) . Also the social lifestyle and comfort level of the residents have a strong impact on annual electricity consumption (Sanquist, Orr, Shui, & Bittner, 2012) .
Appliances variables
The relationship of appliances and energy consumption is discussed in many studies (Kavousian, Rajagopal, & Fischer, 2013; Tso & Yao, 2003; Jones, Fuertes, & Lomas, 2015; IEA, 2008; Huebner, Shipworth, Hamilton, Chalabi & Oreszczyn, 2016) . The entertainment devices, refrigerators, high utilization appliances (Kavousian, Rajagopal, & Fischer, 2013; Jones, Fuertes, & Lomas, 2015) , air conditioners, cooling ventilation fans, washing machine dryers, lightening and cooking appliances (Tso & Yao, 2003) , water heating appliances (IEA, 2008) , freezers, tumble dryers, washing machines (Huebner, Shipworth, Hamilton, Chalabi & Oreszczyn, 2016) and building maintenance appliances (Jones, Fuertes, & Lomas, 2015) have significant positive effect on the annual residential electricity consumption. The use of efficient lights and appliances can result in the reduction of annual electricity consumption (Kavousian, Rajagopal, & Fischer, 2013) .
Demographic Variables
It is observed that the number of residents (Kavousian, Rajagopal, & Fischer, 2013; Tso & Yao, 2003) and the age of the residents (Kavousian, Rajagopal, & Fischer, 2013; Baker & Rylatt, 2008 ) have significant impact on the annual residential electricity consumption. Homes with two person consume 19% more electricity per week then the home with one occupant (Leahy & Lyons, 2010 ) also in India the two-family member home consumes 23% less electricity then the fivefamily member home (Tiwari, 2000) .
Methodology
The data used for this study were collected from the residential sector by surveys and interviews. Three techniques for data collection were used. First of all a comprehensive questionnaire was developed in Microsoft Excel 2013 on the basis of literature review and primary surveys. Primary surveys were done do identify more independent variables which may affect the annual electricity consumption. The questionnaire was then sent to the employees of Mirpur University of science and technology via e-mail with the help of Network and Telecommunication Centre (NTC). Unfortunately out of 600 only eight employees responded. Therefore, printed questionnaires were used for door to door data collection survey. Data related to different social, dwelling and appliances factors and annual electricity consumption were collected whereas electricity consumption data were collected in the form of past one year electricity bills. The data from 600 homes were collected.
In response, 77 questionnaires (13%) received were found to be incomplete and with some vague data. Such data was excluded on the basis of the following reasons:
 Fix electricity consumption throughout the year, i.e. no variability in electricity consumption; and,  Questionnaires with missing details.
Out of 600 data questionnaires 25 (4%) were excluded due to fix electricity consumption throughout the year. 32 (5%) data questionnaires were excluded due to missing details and 20 (3%) due to missing floor area details respectively. 523 (87%) respondents returned completed questionnaire. In next sections, different datasets received as part of questionnaires are explained.
Independent variables
Variables used for data collection and regression analysis are discussed in this section. Tables 2, 3 , 4 and 5 show the selected variables from dwelling, demographic, socio-economic and appliances categories respectively, their data source, reason of selection and their frequencies. 
Dependent variable
The annual electricity consumption in kilowatt hours (kWh) is the dependent variable, the data of the dependent variable were collected from the residents in the form of electricity bills. The data having the constant electricity consumption throughout the year were excluded. The mean of the annual electricity consumption is 2468.88 kWh and the standard deviation is 8.25. The trend of average monthly electricity consumption in all 523 throughout the year is shown in Figure 4 . The trend clearly shows high electricity consumption during summer months. This is mainly because of cooling load. In winter, electricity consumption trend remains consistent. 
Results
To observe the effect of independent variables on annual electricity consumption (Y) MR analysis was performed using SPSS software. Model fitness, R 2 change, Pearson correlation and confidence interval 95% were observed. The colinearity was observed between independent variables using Pearson correlation. Sixteen independent variables were found collinear, and some of these were dropped after observing their low t-state value. 17 variables were found significant and strong predictors. These variables are and their significance is demonstrated through t-stat values and p-values as shown in Table 6 . 
Electricity Usage Intensity (EUI)
The mean and median values of the EUI (kWh/m 2 ) are shown in Figure 5 whereas the mean and median values of EUI (kWh/resident) are presented in Figure 6 . Due to the skewed nature of the data distribution, the median values of EUI have been selected for the benchmarking purpose. The median values of EUI are 24 kWh/m 2 and 349 kWh/resident respectively and therefore, these values have been selected as the benchmarks for the electricity consumption in the domestic buildings of Pakistan. The values of EUI (kWh/m 2 ) were compared with same of Bangladesh and India. The EUI of Bangladesh residential sector is 32 kWh/m 2 , 13% more electricity than EUI of Pakistan (Ahsan, Soebator & Williamson, 2014) whereas for India it ranges between 12-36 kWh/m 2 (GBPN, 2014). 
Conclusions
The aim of this study was to observe the impact of dwelling, socio-economic, demographic and appliances variables on annual electricity consumption of residential sector in Pakistan and to establish a EUI value. With the help of multiple regression analysis the impacts of above stated variables were found.
 It has been found that 17 variables have significant impact on annual electricity consumption.  15 variables (one from dwelling category, one from socio-economic, one from demographic and 12 variables from appliances category) have significant positive impact on annual electricity consumption. 
